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Magnetic resonance imaging (MRI) technology is a Medical diagnostic technology, 
which can obtain detailed diagnostic images of organs and tissues in vivo. MRI has 
been widely used in clinical and sometimes becomes an indispensable means of 
checking disease diagnosis. However, MRI takes a long time to obtain K-space data. 
In order to reduce the imaging time, there are two main method at present: one is to 
improve the hardware, such as multi coil parallel imaging and fast imaging gradient 
sequence design; another is to down sample K-space data, that is to sample partial 
K-space data and reconstruct the MR image using reconstruction methods. The partial 
K-space reconstruction methods attracts most attentions as it needn’t to change the 
existing equipments. Sparse representation and compressed sensing theory allows the 
accurately MR images reconstruction from only a few K-space data. In this paper, we 
follow the sparse representation and compress sensing method to reconstruct the low 
sampling rate K-space data. 
The reconstruction of partial K-space data is essentially an inverse problem, and the 
key of an inverse problem is the use of prior information. The conventional compress 
sensing based MRI reconstruction methods use a specific transform or an adaptive 
dictionary learning method to exploit the sparsity of the MR image. In this article, we 
make full use of the non-local similarity of MR image blocks to form low rank matrix 
for data reconstruction from part of the K-space data. The main work of this paper is 
shown as follows: 
  First, we establish an low rank prior of nonlocal similarity patches based image 
denoising model. The MRI reconstruction can also summarize as an iteration of 
denoising problem, and the denoising problem is a simple inverse problem. In this 
article we establish an objective function to use the prior of nonlocal similarity and 
the low rank property of nonlocal similarity image patches. We also conduct a 
threshold denoising method, which is deferent from other threshold algorithm, all 
eigenvalues have a corresponding threshold. This model is applied to natural image 














denoising method has good denoising effect. 
Second, we construct low rank based MRI reconstruction model. Using 
alternating direction multiplier method to shift the objective function to an iteration of 
two problem: an image denoising problem and a least square problem. Apply the 
proposed image denoising model to MRI reconstruction model and give a closed 
solution for least square. The tests of actual MRI data show that the proposed method 
has strong ability to keep the details of the MR images. And the compare experiments 
with other methods also show that the proposed method can better reconstruct the MR 
images from partial K space data. 
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1.1 MRI 重建研究背景 
磁共振成像技术（Magnetic Resonance Imaging，MRI）是上世纪 80年代发
展起来的一种利用核磁共振成像现象进行医疗诊断的影像检查技术。人们在





















最早是由 E. Candes、J. 

























MRI 可以看成是 CS 理论的一个特殊情况，因为 K 空间数据是图像域的
傅立叶变换，每一个 K 空间数据都包含了所有图像域的信息。在这种条件
下，利用 CS 理论可以从一小部分 K 空间数据中精确恢复出原图像。在 2007







1.2 基于压缩感知的 MRI 重建研究现状 

































JPEG和 JPEG2000的压缩原理深入挖掘 MR图像在时间轴方向的稀疏性，将 CS理
论成功运用于动态 MRI 成像，并取得了明显优于经典的 k-t BLAST 方法的效果。
同样在动态 MRI 领域，韩国学者 H. Jung 等人将稀疏逼近算法 FOCUSS 方法拓展
到连续的动态 MRI 重建
[3]
，k-t FOCOSS 方法利用动态 MR 图像进行运动估计
及运动补偿，对连续 MR 图像帧的时空特性进行研究，并在理论上将经典的
k-t Blast/Sense 等方法统一在其 k-t FOCUSS 框架下。 
随着 CS 理论的发展，研究人员开始更多地关注 MR 图像的不同稀疏表





典，然后对图像进行稀疏分解、重建。2011 年，Ravishankar 等人利用 KSVD
思想，提出了一种基于 KSVD 自适应字典学习的 MRI 重建算法 DLMRI
[5]
。在
同样下采样率的基础上，DLMRI 的重建效果比 Lustig 等人的 SparseMRI 方
法有较大改善，客观指标 PSNR 值提高了 4-18dB，主观效果同样有明显的改
善。 









于块匹配的 MRI 重建算法模型对中心采样的 MR 图像进行重建，并实现了在






在 MRI 图像细节的保真方面会做的比传统 CS 重建方法好。 
在国内的很多院校，将稀疏表示理论应用于 MRI 重构研究的工作也开






















重建方法还有：效果和速度都明显优于 SparseMRI 的 FCSA
[14]
、基于块稀疏
的方向小波 MRI 重建的 PBDW
[15]
和基于低秩方法的 MRI 重建 SAIST
[16]
等，这
















虑 MRI 图像的局部和非局部信息，提出一个新的 MR 图像稀疏先验——低秩
先验，并建立基于 MR 图像低秩先验的低采样率 MRI 重构模型。本文建立了




















采样 K 空间数据。 
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